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1 

METHOD FOR SELECTIVK ADSORPTION OF DIENES 
FIELD OF THE INVENTION 

' * ^ The present invention relates tb' a process, and 

specif ically selected adsorbents, for selective adsorption 
5 to separate a diene from a mixture, particularly one 
containing mono-olefin. 

BACKGROUND OF THE INVENTION 
In the preparation of commercial hydrocarbon 
product, it is often necessary to separate the desired 
10 product from other hydrocarbons having similar boiling' 
points. For example, butene is synthesized commercially by 
processes which yield butadiene mixed with 1-butene. 
Conversely, butadiene product may also be contaminated*^with 
butene. Depending on the process used, the mixture may 
15 include other C3 and C4 hydrocarbon components including but 
not limited to 2 -butene, other n-butenes, n-butane, iso- 
butane, and isobutylene. 

Purifying the mono-olefin, 1-butene, ;v is 
particularly troublesome due to closeness of its boiling 

20.„„ ..poLnt-..t.o_.that jof -.JL.,-2^,butadiene -Xn- order- to - increase, the 

purity , of 1 - butene^ v ^t^isi^^nec^^ to separate it from 

_ .. ^ .other . hydirocarbons^,^ Or^^ ,^.f ractionatioiji^ alone is 

incapable of completely separating 1 , 3 -butadiene to achieve 
the desired purity! of 1-buten^ in these mixtures^. 
25 . Presently, butadiene is separated >'from olefins and 
.<^r. paraf f ins'primar:ily by distillation with selective solvents 
and by absorption ' using solutions of absorbents . 
Extractive distillation is relatively energy- intensive, 
5 • complex and not* economical. Selective absorption with 
3-0 ^ metal salt solution involves a significant number of -stages 
with recycling>of streams between stages. This method has 
the disadvantage of »-|being energy- inteinsive and ^ requiring 
handling and -^a-ecirculating > of'^ ^-solviant streams '"'^Which 
themselves - contain contaminants^ ^^>r ' are - subject '^1:o-^ 'f--^'* 
35 degradation. Current processes for olef in\paraf f in 

separation have not been sufficiently selective to 
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•-^^^■■•i^5l^€^^til^ry^BsLr^d result for purifying 

economically - acna-eve . t.. n,>,™fore. there 

ViVu^eW of tirisatuiraredr hydrocarbons. Therefore, 

n^ed:.:for .an;-.i^oved .^etW .and in^roved 
remains tn^ ^-F^ectively and 

adsorbents ^s.^^:i.n^.,y^tt^^,^°: ^ . 
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. t SUMMARY: OF THS -.INVENTION 

\ • Tffe^ ifivei^tton prccy-icdJiSr new method for separating 
linsatu'^a't'ed hyardcarbons r.cf rom ^.^^^^ mjj^cture .gomprising the 
' Tohsaturated ^^-hyfer^carbons r.jr ^The invention provides 
5^^ adsofbe^rs sp^^ -fpr^;, accomplishing the 

- separation. The absorbents and separation . .methods are 
particularly useful for selective adsorption of a diene 

' from mixtures containing the diene; and are very effective 

for separating dienes from mono-olef ins . In one aspect the 
10 invention provides methods and adsorbents to separate 
butadiene, hexadiene and/or octadiene from hydrocarbon 
mixtures; particularly where the hydrocarbon mixture 

- contains a mono-olef in such as butene, hexene an?i/or 
-bet ehe . -"'^'^ u . - r . ■ • . . 

2-5 ^^yuy . Diene and mono-olef in compounds are often found 

' together as ' a result of ^ industrial processing. The 
separation of dienes from mono-olef in is, difficult to 
achieve due to the closeness of their respective boiling 
points; This difficulty is illustrated by>corisidering^l, 3- 

20. - butadiene, which has'^ a-boiling point ofi^>4.,4^eyand r-butene 

^ which has a boiling point of ^ -6 :^3 *^C. - drv^ariv. 

The - invention in one -aspect >n is ^ particularly 
suited to cause such separation. Other important 
diene\mono-olef in separations ■ -include separation of 

25 hexadiene from hexene and separation of. octadiene from 
octene. In the process of -the invention, the diene is 
separated from a mixture comprising the diene by contacting 
the mixture with an adsorbent which preferentially adsorbs 
the diene. This produces a non-adsorbed component and a 

30 diene^rich adsorbed component. 

In one aspect, the adsorbent comprises an ion- 
exchanged zeolite X, zeolite Y, and/or zeolite LSX. The 
selected zeolite has exchangeable cationic sites, with 
silver cation or copper cation present at some or all of 

35 the exchangeable cationic sites . Substantial cation 
exchange is preferred so that at least half of the cationic 
sites of the ion exchange zeolite contain a copper or 
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. J ^'-r : silver -cation. 1 ;is preferred , that the ion exchange be 

- * V siibs t ant ially.or..es sent ial^ complete, so .that the silver or 
. copper ion ^,excb,ange. level of e^chajigeable ion. content 

/ ' 7 is substai;,ti^al , enough- to. ^ chang^e. the adsorption 

- - . 5 ;.characteristio. - the case r of ^ . the. silver , ion- exchanged 

- zeolite, de3irably3._a ,-sjy.ve?r,^ ion exchange^ ,1 eve 1 of the 
^ •r fx .^^ni e3!t9l^?jigeable ion. cpntent., desirably at 

" • ^ ' ®P^£ -W^st d^^i^rab^ at;l(p^st^,85%^,/pxeferably at least 

ri r ' 9Q% and more- preferably §5.- lejis t 595,% Wost preferably, 
10, _.:,,subst;anti^ly a^^^^ 9^ .the exchan^ ion sites 

' /. -r. -are occugiecl by,^^^^^^^^ ^.cations^,^. ; Alternatively, the X- 

V* i :a *^ zeolite,: Y-zeoljJtq^ 
r t: : -r.. zeolite - j_ JEt - is. . jpref e.3yre4 ..that ^ -the ,ion exchange be as 
s j:^<3qTppl^t^^.as^ desorib^ to the 

AS s^l:^ ;silver .c cation^ Ti^at . i&^^,:^t .leas-t^ half of the cationic 

- ^ ^r:-: j; sites^ of the opppey^ ion ^ escc hanged- zeolite are occupied by 
, i r xi , coppej . In e<the - q§sf of ;,o_qgi>er iojifje^c^anged zeolite , the 
: .. samey leyel^^^ applies, according to 
: . - the . progxessiv^^^^ l,eyels^:,state^^ It is 

-y:: :2lQ, , ^ , prefer ?:ed,. Js^^at^.^ essentially occur 
: - - • r o - whereby sut^tant-ialL^^ i' -:^^^^ - jof t;he \ exchangeable 

^c7^^. 'J -r„ . . :..ri1?he copEHer and p silver ion .exchanged zeolites 
c 3- r provide a {:t unique.: padvantag^^ in that diene\mono -olefin 
" :25 • , q sepaijaticm ;:%%nf acilitated - by format Iqin^^pf , Tr-complexation 
-.r ' bonds., Therefore silyea^ ion exqJtxanged^ zeolite, when 

i , • l-^ „ -:used:,^Sr:adsprbe^ have:. <ther unique ability to form tt- 

- ^ ^- ^ <:omplexffeionr :boHdS;.:for, rel^^^ the targeted 

- • ^ ^: ^ unsaturate^d rl^ctooca^^ to b.e-vSele^Qtively removed. 
.1 .r:,3 0 By- format i<>n pfi^Tr-complexa^^^ silver or copper 

- — - - ion exchange .zeoldte' is r^able to .-retai^r the targeted 
'--^ 7 "^r-^r unsaturated r.^iydrocarbpn^ at .a,^ ^elected- .temperature and 

' ^ : w i pressure. /.Thereafter^; tke^ silver- or^ copper^, ion-exchanged 
^ - *:r:zeolite> xeleMes ^- the - adsorbed", targeted hydrocarbon when 

^ ; :^i3;5r.i:;:.v^ifch^r or rbo^t^^ temperature and pressure are changed to 
'>ii" , Br. : ^.:V j% ::cause <;des.orption : (rele^^^ 
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' - ' - in * Another' aspect, sepafatiori of a targeted 

'L • unsaturated- HydroGaxboh' ca by contacting 

^ ^^'a'^ Tni'Xture* dontaining^ "the targeted compound with- an 

-.:ht^i>\:. ^tigorb^iit/'Vhich- -comp^ a . type" 'A- z-eolite. ^ . The type-A 

• • •5"^ • -^^^^ £t:^ calcium^ form? -The t A zeolite 

r> -a xl^^^ /adsorption where metal 

"ggf^^gt-ed^ f TOirt ^^he^grbup ^f- aik^lin^- cation 
-r '-^^iiid^'M Therefore, 
3'.; j: :r 'j^ the' Tyi^e^A 2^blit€i ''fncfcy'-Be ':'yrfepr^ by the nominal 

''ih %i^£ex^l^- famuli l^l^^^'^.iV'ifAlC^ -wherein -M*^ is an 

J • alkali^ cat ion, ^12^^ ^a's and A*^ is 

i - \^^^a -tri-valexft-^c^ ^aiufe- 3C is- 0' to ;12, the value 

-.iiir^f yCjlg to^^ev-'ana-^^^ ^value^pfjb ,is ^a^ zerp} and 

... - ^-^^^-q^'-^-^-'lit-r^ya^lYnTm Ue^s "tMii^lie'jiM^ thajt : x 

-'^i^ s^^2Y^^3hi £s':^ ^^/Forv:chafge .balance^ lvalue of 
iq.im;a^ 4. The 

i : r r>. ^ij^aiine ' ttiet-al^v batibrv ^'i^ ^ select ed; f roifi^' lithium, sodium, 
-7: p^tiasbi^m) -^inabliaimm^^ thereof; and 

* -'^' ■'^tKe-aalkaiin^^e the group 

- ^ ^Q-^^^ ^--^ns t xrig^- o£ *^^beryi l^fum f magn^efsi^ ^ "carleium , s t^nt ixxm , 
V- vi5;lr:.\cc3 ^i^ariutn ikmi . miktiires ^:^h^r^c^ trivalerit cation is 

.'. y' . :>.^^^f45^aBly^a %ie^^ valence 
i ^^::r^ijbrxdi'ci6ri:: 'Examples ^-incl^e-'ialuminum and boron, 
o- -^r. ---li b .r^vr;.: xn aiiother'^'^asp^eii ^ the -adsorbents of -the 
'•^ 25'* " invent ion "* are ' 'used *^ 'in ~ ^ a ^ - -method- 4 oY , -separating an 
, . : L. uiisafcuraH^d hydrocarbon *^frdn(— a- mixture *by^- accomplishing 
^aasbi'ptiori-^t a'tEir^t*seleet?^di)rWisu and 
o:. :? tfieri accomplishing^ release - ^ changing at 

r ^i^aVt %ne of tiie- presWaTe 'and- fc^ Preferential 

- 30 " absoirptioirr is 'achieved' at a- pre &sure c greater than the 

v:- desorp^ion- (release) preWsWe . 'Preferential absorption 
T^Y^gg^fe'r^nay be as high- 'a-^- ^bo'ut 35 atmospheres or more; 
' - — arid the"' desotp pressure may • -be- - 'a^^ as sub- 

'atmosi^het:ic/ sicra^f 'i^cant -v^ or less. 

^ '35 De'^irablyv the prGssuire of pref erent^i^t ads^ in a 

range of about 1 -atmosphere £6 "about -^3 5 ' atmospheres ; and 
most desirably about 1 to 2 atmospheres. Desirably, the 



Sr 



, . PCT/US99/23042 
WO 00/24695 m 

pressu^fe of ^re]^^5^-in.5^..rang^?f 0.1 atmospheres 

to about ^5- atmbspherssf; and . most, desir^ly in a range of 
^ about-^b^l .atn^.pheres .. t^. ai^ut,, 

temperature .^f cpref erenti^..ad.orp^.9n^ xs^ TZ^l 
seie.t4d to bi^in^.th..ran^e ^^.^bou^.r ^^^^^^ 
\noie-44si^/ ^ip to.abdut.l2qog,and most c^xrably xn a 
^-iange 'oi'^^utr^25o^:*cy abp^t ,ao <19 ^ .. ^ The, temper ature of 
.el!ase 'is d^si^.^.in.a^.^g. o^.^bpu, .Ooc ^ about 

• 250°C ^lld t^^^^^ ^ 

- - ^^The-^ihvent:ion,;ipx^^^^ advantages 
over conventional methods for osepara^fng dienes^ from a- 
■ nikture du^ tb' the : f ectd^.:and,^pripmical ..pro^ and 

'adsorbents provided by the . invention . . , 
U v:?^ --r;;-^e oi^ts / features and. adyaptzages of the invention 
^-ixx^l^ -^^ ift^oVed:.me^t«.dr:for^..epa^ating diene^^^ f 

.ono-olefin in a mixture, and particularly^ for ^^parat-g 
" ^4 ^tcJ e^^di^xiS ^rom^a mixtpre,^M corresponding 
C4 to C8 mono-oi:4fxn:. Another^ob^^ctiiv^ ls^o provide new 
^ £dsc;rben£3 ^ uSed-^ih-s.ich.^nev^.sepa^^t^n..^m^ ^^ntaaes 
^ ' ■ ~-Thdse--and othex^ objects. advantages 
' v^ili ie66li^"^^are«^f^n..^^ description of the 

preierrla^gmb6diment,U.Ladm^;:.an^,ac^ drawings. 
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i WPTTgg- DESrT?TPJPIQN. ,9j;- THE DRAWINGS 

'^i^B - I - ^shdwsi li^, r: r^present^t ipns of zeolite 
■y^ruiiWe:- (a)-^^biida;te xjage-;, PX,trun_ca,ted Wahedron ;^ (b) 
tW A~z^6olit^ "uiiitr^cBla;^; , ic) ..■I.Aini^^^ types X and 

" ' y -ot "fcaaj£a^te\^ (^3)..< nation, sifce (^here are 

>i^r6' ^c-ghovtsrf- pju^r component equxla.br xum 

:lio^^'- of-W-CiH,n.and:3:VT^.H«,.on NaY and NaLSX type 

''^eoiit4s'^tr^oa<3? -.:>c-i.;£.n i^,:ci -. ,.7. ... ; ^„ ^„ 

- ■^ri^e^-%l«*6rapt4ke,oiirv^s for l ,,3 -C^He^ and l-QH, on 

NaY- type ^eoii't'es-. ^•iv:;'^. 'ij9b_>v^^^^^^ = r. ;.. ■,; . 

■■" ^-gigiit6---4'^-%Jiows,:i:6he , pvtr-e.". , component equil:i5b^xum 
;::^^S€ypi^^ for-i,3v^H,..an^.A.^?, z^o?^te, at JTQOjC and 

250c' — ■ " > ^ - ..'-f .: .- ■■ 

■^'■'%igute-^'-shoWS::£he equi,lib?rlxjin>sothe^^^^^ C,H, pn NaY 

' and i^f'typ^-^zeoiitefi at:7?^ ;r 

p"i^re-^e-^sfe<>ws. l6v..Fress):xrg ^^^^^ 

^=^^'-^^^^^rW ^ sii&5*snaap£ake,cu^^ and I-C4H3 on 

- Sr' "'ex^Karigea-- BA^-aJidrSA. .zeo3,ite;s, measure^ at^^ 70«>C. 

Figure 8 shows desorpt ion curve for" temperature drxven 
release of 1,3 -C^He from 5A. zeolite. . 

Figure 9 shows equilibrium adsorption isotherms for 

C,H/on AgY and NaY at 120°C. 

Figure 10 shows low pressure equilibrium isotherms for 

i,3-C,H, and l-C.K, on 5A at 70»C. 
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. :^.r^s ^^i^^^^^ -^^^^^ ,T;:«'iJffrTy useful 
. .. includes _svich dxei^^^^^^^ to eight carbons from 

-5. .--for separatxng dx-eiaes navxng: V^'- ^o eight carbons. 

. correspondxng mono-oxetxu _ close 

. .: -9??-^*^.?r:, j^art i i=Uv^ ma>ehi»ds: arer -needed due ^ t^ tn« 
^ improved separatxon meth6ds - - - their 

^■!r,i-c of --the i^G^r .tG.xcCa.v. ^^f/^ J-' 
... . . valu8.-,being , the ^boiling po--" 

hexadiene respectively ;/ , ' "cis and trans 

" ■'- ■- 'ir'?. -frtif' traiisi- and:.,-3-nexene ^ 
..15:. ^f^^:^^'^^:,^.^ S- ^-*8 ; . 4... ,-.,rid .AT ,1 ; and lV^- and 
respectively 3-, and 4- 



;25 
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^lii i.eSaai^.-^aii»e=-.r.« ^^^^^ " -"gSI^.X^^^^^ 
■ ■ • • i'A ■ -it-- -Xfeast ■ ■^o^e--i^ other . uns^tyratea ny 
...diene and- .at xeast ^^^^ises contacting the 

•- ^rkoVv' the- -process ^- coraprxs.es . 
compovind, .^where tne y -,^«o-rbent which is an xon- 

f4 De^fi.atbly. the-.io^-e;.Qhanged zeolxte xs 
exchanged; zeoljLte. ^^^^"^^^^ ' ^^^ .,.^3, ^ zeolite, (LSX) . 
Y z^i^r? .^olite-^d/.or..lW "^--J^ 3i^es of the 

= ■ •• ' -vri th^ exchangeafele . ca't^onxp 

,„«o,a.t With., silver cation or copper 

... .eoli,e^ ^;.,:°Ls?^*«r-d..that .the .eplite be a s.lver 

■• .the character of :these .eolites w.ll 

Molite. (Ag-zeolitel . in _ ■ -_■ ^ j ^ypg, 

,., be .de.,cribed?<..e particularly ,b^O«.^ Xn^^^ 

-C -V^- " -i t is 'preferred that .xc ii,<^v«= 

— zeo^xte^t ^ ,3 ^3t 

aluminum, atomxc ratx about 1. 

preferred th£t the ^ ^.^^if of the ion 

W^.- L /.r.:' •.n-~-d^sirabl-^-'-tiiafe. tw>re than, haxr .0 
, f ,eolxtes.-contain the silver catxon xn 

-exchange sxtes of preferred that in the case 

the case of Ag-zeolxte. -It xs pr . 
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•'■'b^-'A^Wo the cation sites are 

" ^ occipi^d'^Sy siitv^r; ;.in ,a ^Vilfi^^^^ ^"^^ valence 

. ■ st;atl) ■In. tlrai-^ase c9fv:Cu-zie,Q^ . desirable 

-tiiat "ttfei-e' -than^.-half . ©f . th^ ,,i9n , exchaiage sites contain 
5 ' "^ ''cqp^e¥ ion& . r^^^t^. i:s.Ia-l-.sp p.^-efV^e^^ 

: it tiii 3±b^ ar^/.donj .exchangg,d_w^ case of 

^ao#peSr - exchanged; the +1 

;. ■ " v'aieiie^ or^ ox4dati£>n s^^ate ..^ ^ .' .^^ , ' " • ' 

t in^-^nbfehercejsbqdimeAtr, 'thej i provides a 

1 o'" " ' "prod^ss £6f caasing tlie ^ ^^^faJj-OT 'of; "dTene from one or 
: ' ■ ^ " '"moif^ - Vth6%- '-virisatiirated hyd3^g9?irbons J paSrticularly.: mono-, 
olefin as 'describeid,.:abpye^^usin^ type X 'Zeolite . In this 



" "' irocess ■ the diefieh . 4^^^^^^^^^^^ feed fixture 

■'- utili2ihg:the?.typfe ^Lt^eQlite j^avii^^^ ca'tion 

li" / oi'' a:n- ■• • ^lka;iiiieir. eaj^tii metai-./^-^ation^ res^seetive 
- " " exchangeable ■ .^cat ionic . it es ^ t o ^ , cau§e^ select ive 

' adsbirrrtTon "dt ^tlvfe -diene.v -_- ■ ^ " ' \ 

~ ■-■i ' rjj^^Q^^^i^^ zeolite is 

used. The 5A zeolrifee.-cj^t^ixis^^^^^ the major 

20 '■"'■^ iatiSn--' T?Bi's-;meansethat^fqr,^l^^ the avaU^iV cation sites 
= .i " ^' o 2^i-2^^blifeeV? Ca .i? r f oun4 ^ gt ^over half., such sif'es . The 
' ■■linoif'' "dkt-ion-ls:> sodium, _ zeolite has 

-"^^ substaixti-ally and . esseot ia"ll^ ~^aU of It i ' -cat ionic sites 
- occupied byyca-and $la, ; but. primarily Ca:.-''This- 5A zeolite is 
25 ais'd referred to herj^Ln^ as zeolite 

= ■•: inT one lesmbodiment^,^ t|ie~ t^^^ o^Jtionally 

■ ' cbttt'afixS a: -ift±xt:uKe Q:f cations la^side^^ iikali- metal and- 
' ; •^Ika'iine -ear-th meta^^^^ sdme' of the cation 

•••fecchange .M/Us>oi5x!;he~zeoli^e;, •^cations • dtKer than +1 and +2 
Vcf ■ ' mil-be- preser^ The nomip^l^ formula of' this zeolite is 

' ^' -"'eind -the^vcilule- of y-ris 9 tp^ 6 7 and^'t^ie value of b is at 
"minimum -zero- and at -maj^ tha'h the sum" of x plus y, 

■ ' -''i;tb^idSd"-thsfts^.X...±3.2:y ,43J> 'is"jl2j'j-TVrifW is believed to 
35-'- S>rdvide^ -a mixture, of -_cat ions in "thii 'typ& A zeolite which 
' rs' balanced. It is preferred that when the -.A zeolite 
'•- contaiii=S tri.--valent (+3) Jcations, the atbrftic amount of such 
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tri^vaient^ as- -]^ss:::than.: the . combing amoiint of the alkali 
and -alkaline :metaa-.-Gafci©ns,.. I|.is..mpst preferred that in 
the' 'aforesaid -nominal': general, fomjula,, , the alkaline earth 
metal is ^'i^a,T$ly./iQa,-. jirpyiding Ca-A (SA) 'zeolite. 
5- > iv; _<]iKQ>.- imetiiDd vand . ad (sorbents) of the 

' ihveritiori -are-c particularly ,.3uite4 -^or^^ swing 
adsorption -tTSA);:and:?pr^ssure q^^^ (PSA). The 

process- is d^ff^ctive tO:r,-seraara_te .diene from a mixture 
containing 'bW--br>.iitore. mother ji^msatur^te^^^ ^ycirocarbons and 
1 6 ' f)aft icular ly ■ £ mono- ole^f in - cpmpoJ4tids . . _ Before further 
• - desciribiiig -the invention raiid t^e . u^e of zeolites of the 
' invent-iori' • -'^iri- ^SA - . and. :?SA^ ..prQces^ses , "more particular 
' '' d^s'crfptioWof therphysical; ^ zeolites 
'--^■-•-\of - --thbt ^inve-nt-ion-ia-iproyid^d^ alop^., "^ith.^ preferred ion 
15" exchange' method Ji^. • 

i z&M^&s:^^^ ha^er: 4iistor^,«^pLlly. 'b^ " used as 

a<^sOrberitW-due--theix:-s,el.e^^^^^ ^Zeolites selectively 

'' "kds'orb==molecul6S on.fche feasia.^qf th^. ^i^^^^j^nd the shape of 
' the adsorbafce^ therefore "called molecular 

"2b ' 'Wi^v^^C ^-Ze'6lites^-have> beeji -knovm. for use in selective 
. ; " ^^'dsorptidh^ 6f-: ^^-^carfeoiSr .-rmojaoxid^e ^ . , aiw| ' hydrocarbons . 
Crystalline - zeolite .T&,v.-.:zfiolite, . A^^ X are 

~ de-fecribed ^i-n^=sUSPN--3.,:130:, 007 ; , ,2 , 882 , 243 ; 3 , 992 , 471 and 

' " ^''2'/882-,244'r each^of -^whish/is incorporated by reference in 
'2^ • '-'it^' entiretyvr./'^Type.SA^^^a^^ zeolite are 

de'sCtibeS fc^r 'nitrogen- adsorption -iLn^U^^^^ Types 
--■'■'^'^XNai^li^ SA (CarA):.. zeolites, are' ^^^.^^^^ in USPN 

- =-'r3- 785-,1^2-.' ^Lai* silica -X ?eolit^e JLS2^) 'h^^^ Si/Al ratio 
• iiss-th^n o±-equal:'to or equal to 

30 ' 1.2 / •and preferably about 1 -is-descr4-bed in USPN 5 , 268 , 023 . 
■■ ' ■ Each of th^ aforementioned.^ patents^- is incorporated herein 
'■ ' by refefene6 in its. entirety. Consistent, with the features 
■ ■■ ' ' described in ^these - paterits> . .?eclit^. characteristics are 
'be -exoerp^ed-from.affias.-Separati^^ by R-T. 

3V ' " vWng " (1984'7 • fiutterwort-h- P 
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:i - : 2=eblit«s'- "are "icryAtsaai^^e.- aluminosilicates of 

'•••--^ a^lkVli- alkali ear€fi:«lemerrts :^^G.h. as sodium, potassium, 
" ' ^ ^ ■ "ahd^ c^lclw; '-rfepbresented- toy^ithe .stoic.niome^^ : 

-;■ :. -r.v. -'r^hixe-ae akd'^y are. integers with y/x . equal, to. or 
'■ ■'■' '^^^i^-^t^ cation,W, and z is the 

•■• ■■^ ^nu^g^& ^er-^ftoS^o^lesrin^e^ph Unxt cells 

''"^aJe^ihbWn ^^^i^n^^^^^^re^ (P) • c :.;.The.. . cations are 

^•^ieOl&i^^^tii^eal^rioe^.theceiec^i^ of the aluminum 

10 " ^ -atf^sZ-^aafrli^vin^^^^^ of , ,1, . The, water molecules 

' - -'ckn-i^e rMoved ^H^^^ leaving 
' ^ "ari ai^bs^^^uti^it^a aluminOSilicate skel^c^n with a void 
^f^i;adii-i^We^ii>0^Z^and7O.^ ^ regular 

. . - '- ^L^ -^^^u; caae- The ' cages,, can .imbibe or „o,cclude 

15 windows m eacn cage. iiic .-v. a ., ........... 

' '^targS-'^^mti^^^^ 

'^''iiii''6f the^WiiiddWe^ertmr^.s,>.vhicl:H^F^.^^ 
■■■ " Mi^E^^ t& typ^-ah-K timber of /cations , ^. ranges from 3 A to 
^ - --^^"-^-'^-^v-fiig ^r^o»:may.::Qcc^,wit:h_,,,great selecjiivity 
"io''^ ''mM ^t'€iiB M^^f.the^apt?^ure (and..So.^,less^r..extent 
''':^;"'%|^se'c5f^^tH^^-;surf^ " ^^^<='^ ^"^^ 

v L : . least : .^otty-speoies . Of ^.?^atuxally occurring 

^ - '^'zablftSs-have .:been .fbund,...^ 

■ ch^^zite, CCa/ -HS.) A3^Si.O,,(6,JI.O) ..gmelinite;^ , (Na,^^ 

• 'il'si'bu ('6 •• 'i^O>T-feotdenitfti.ir.<€.?^.;j ^ 
- "ii^f.-* ityyniteT^- GalO^-SiiQxo « H^a) ; ,and.,faujasite, (Na„ Ca, 
- - • '^fOAl,S'x,,sO^' (^.H,Ol... M^e than 150. types of zeolites 

" ■ ' ik^ V^t&ie^£z*i; • tbe^^ ar^,d^flnate4 by a letter or 

3^- g^ou^ bf letters. -:'.Type A, .Tyi^ X, ^TVpe Y,^.Type ZSM, and so 
'4^- The-^commetcial^ production of .synthetic zeolites 
' " ■ 4taW^d^Wit:-h thfe^ suecossful development of low- temperature 
■ •"■ ui-iW°C> -synthesis. -methods using . very reactive materials 
inc^s:s^r^^^^^^^-^^^ or^^tTtorphous solids 

35 -c.r .-^^.^tlx^ry: strsi5:tural.witt o^.^ zeolites are the 

tetrahedra of silicon and aluminum, SiO, and AlO,. These 
units are assembled into secondary polyhedral building 
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urtits such! as .:ctibes.>r h.exagonal-. .prisms^,; optahedra, and 
ttvincated-- occahedra-vc:? .The: j; s.il.icon< and ,,. ^luminum atoms, 
: locat ed:afc^ the:, corners i of the 7Po.lyhedra, ,are joined by a 

sha-rfed oxygen..: .The- ..fdnatl- ?e©A%tse ' .at-ructi^re.; consists of 
S assemblages-: of lithe -seconda^^ units,: .in -a. ire^lar ^three- 
5 dimensional. -crysstailine of ramewp Si/Al is 

- 'commonly one:.to^fiv6;.T-T.he aliaminumr atom- san. b^ removed and 

- ' ■ replaced by. :silicon. :in;. i^om: .z.eolites., t hereby ^ reducing the 

"^number- of cat-ions /i^and -th.&tiG^tionjS canr-als.g .,b^ exchanged, 
ro' '•■ The iniier :atomKvin~the/.windQWS.;arei oxygen the 
'-^ • - Windows depends:, theriv/.-oi?. the^ numbeir-. of oxygen_ .atoms in the 
r .- : .;ririg>7.;_.i..four.,- /-f ive//:;six, - -^eight , -,.ten,„v,9^. ■ tvielve . The 
aperture size, as well as the- ^spi^tiyelproperf ies, can be 
further -titedif ied a by the'-.-nurcber. and type of exchanged 
15 ■ Watibnst-:-<-^-A vdescrdption ©f,~ thk- f .t^ b^ ^ given 

• 5-' >^ .roniy--:fo'£: 'the- zeolites :import>anti;in/ga^~ separation, Type A 

- - '- '&n<i^ Ty^fe-'Xsaiid '(See; Table, -Irk.: . o -r. ^ '.-r.,: 

, ■ ; .■ rType- 'A ^ t Thei structutaj. ;Wiiit f;iJ3:.-Type .J^;,^ zeolite , as 
5:15. ci wel-r -as-- • in --Types.:.X irandjr.Y.i is.;;the^ -truncated - octahedron, 
20 shovm in •■Fi#ux^e:nl {,a^)-.:,rcThi^ is- also- . called sodalite 

- ^- ' cage ; as Sodalite .-.iis of ormedf .by ;44.:r.ect ly . fusing the f our- 
" - -' member rifigs - of- the:; units ..tv/ The rfour-mendaer^: -rings of the 

- ^o'dali-t'3^^tmits^7^cant aisob/b^^^^^^^ linked^ through j four-member 
' prism's, as shown :.dh> Figure i-(b)T, whichj is type A zeolite. 
•25- ^' 'The- uhi't-oe-ll ^"f^ Type^-A zeolites, :^s:- shovna' '^ia^. -this ^i 

• -coiitay^ns -24 .^t^Grahydra, 12r, A10, -and- ,1-2 /^iOj,, :j When fully 
i -. ;^ iiy^rat^V- -2 7i water: molecules lars contained ,4?H the central 
' ■ ■ • cag^ 6t- caviGyi~of the.Lunit;^cel^^^^^ smaller 
^ ' sodalite cagfeS^. Z :The .f ree diameter iij -the central cavity is 
•30 -• 11:4 A, -which -i-^ enLeired through .^ix eight -member oxygen- 
:. ;.- ■ ■ : ring apertures:: with a: .minimum -diameter of 4 . 4.vA. There are 
utweivfe niagat-ive chariges to. be. balanced vby cations in each 
; unit afell.- The most. probableilocajtiQns. -for tl?,e cations are 

• - . • indicated- -in Pigiire i (dVV; 3Type.r I:.rfis at the,, center of the 
:'=^.5L^o.-.-:g.i;j^-amfefnber-^tihg.,-:^ atr one... of i the: eight comers of the 

bavity. " -Type II "its at -the eight-member .aperture , directly 
obstructing the entrance. Type III is near the four-member 
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^ '-"^ ring iris i'de" the cavil^y-. TypeiAozerolites are ./synthesized in 
c J..;: • the-^^odiSim f ortn, - with-iL"^ sodinmrcat ions occupying all eight 
^ ■ ; site's in" I;'-aiid-^^ in' III. 

^' This 1^^ fcommgrcial-'^T^^e.:^^^ zeolite,; \(^it:h;/an effective 

'"''5 " : '^pertti^ of 3;;. 8'^ A . o-- The -sodium f£jrTn.. can, be replaced by 

* ;'" ' ' variquV btherr^^^ conunercial 
^„ \ r ^ ' ' ;v ' T]^e ^ 3 A^^'^zeolit 4^^^s' if^5brmed\' j^exchanging.. Na* with K* , 

- 'resulting iii^:^^-smalleis ^^^^ due to the 
^ - v: ^ ' - larger vK*V The "a^rtutcte i:sdbzes r?af: : the i§odiuHn'-f prm can also 

- - 10*^ .- ^ b^^^ bir reXcisaiiging.'\Na!.;wit^ Mg^^,' since r 2 Na* 

' ' " arM- "^replaeed"^'-^ bivaierit .catiQia; ^-v.Tjjie:. f orm of the 

' - exchanged "Ga*^ I or- 44g^^^^ vith:, rat h^rj unobstructed 

^ 'arid "lar^elr-ct^ ^ 1 r-s:: 'h- 

-^^^'T^ The fsk^^tal structure of T^es 

' 15"' same^t.as '.that: jof' _;t:he naturally 

•''bccurx-^ sodalite.urtijtgt^re through 

six-member . prisms ,:rJas*rsi^^ .i-ti ;.fcbe, uri4rt7 cell in Figrure 
, - ^1 ic) ^x'^Eaoli ^riit cfe'll: x:ontain^'3 192 A (Si , -Al) tetrahedra. 

^ vH'^'^^ ^^^^"^^ of ^thiE^ alxMxmim :ipris.:pj^ €rom 
r. ji^ s-9fei^p-:^ X-i2teolitte:,; ,;and:J|fiom ,7^y^P::AB for Type Y 

- ^ zeblite^^^ vtrimawscDrik -iias^Jthex^ Jarges.t^.^ cavity 

■ ' ,rf^ vdlume^^^^ /kfibwn. s^iitav ":aftioimt4pg, tp%:^ab^ 50% void 

^..T V' V. fraction i-^ri -thbt dehydrated f:fo.rm,v .-^vlA-.ui^^ when fully 

'hi>d;rated, -^' contkdiife -appiroximately^ 23,5 vwater molecules, 
*• ' • "25 " ' '-%i6stly "in- the , crater: cavityv- Tfee aperturje is/ .formed .by the 
• twelve -m^amber ^v'oxygeix rihg^a ;:!?ith / oa ^ of 

■ " apprbx-i-Faately Threer ma jp^--- locatd^ the cations 

- --r .^re indicated in' -Pigur.e -a<e): . : JThej l^^ are : center of 

- ^' the ' six-^m^irJoer ^'pri^^^^ sodalite 
'T: 3 0 ' ' - cage: vl ' ) V -^imilarc.to 1 and. J Vcteit f up^^her , from the .central 

* ' " - ^cavity (I I --and II '■)-;/ and. at thfe>»t>relyejmember aperture (III 

^' ^'and III' ) -Thes commerciat^lQX Mplite; contains Ca*^ as the 
, -*:-:r -niaj or; "cation > ^a^ cation for. 13X zeolite, 

• ^ : ■ • ■ The-distributiou'^ef JC*r rPa!ry other - cat ions , and HjO in 
' / 35'-- X andl: Y-^ zfe^>lites- :TUe BET: surf ace-, ar^a-^tmeas^ N2 

* • ' for -zeolitfe^s -falls in : the ra.nge between^. 500^ and 800 m^/g. 
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- :'. -J ^rl:^ ^^^iC^^P^^^'i^.:^^^ the invention, as 

described below,; .actiieve. s adsorptipn by means of 

: . '"'"?9^P"'-^^5^.?r*^^.J^r^^^^^^^ Separation by 7r-complexation 

-r: v. : -^f' ^ .®H?^^?^5^^ P^®!??^9.^"?!-:.^9^I?1?^?^ mixture is 

5 . . ^^^^^^^^^ry^^^^P':P-:^f9^ coraplexing 
V^^:-f'^'^^^^^!3^vP^ ^9P?Pi®xatdQn is that the 

bonds, .foiled .a.re^, .^itrp^^^ -van der Waals 

f orces/alo^ey-^so\at^ i selectivity 
.5 . c ^^^P- ' ^3^^ ^?ry , \f-9,^:. J^^r.frP^PPI^^ni' to be bound . At the 

''^P : , same tirt^, Xh^e.^bpncas ?kre^-sti].^l^^weak broken by 

/■f V/ ' }.'. ^.^^^^ ® ipP^.^.- ^B3^^^.^^i-^g -ope^rat ions- ; such . . as •. raising the 
_ r temperature >or,,decr^^air^g^ Jt^ . , ^ . 

-..V . - w. t3r:£ .: V '^^S:r'T^T:99^:pl^^ti9i^ 9i®^®?%'-lyrPe^;^tains to the main 
::ed j>l9?::i%?=^^*^.9^^ from Sc to 

.^(-^2:^^^.: : i^rRy^^'^/ .AX^j the peri pc^ic;,- table jl.-T^ 

!bhJ^^-^-"!:?^^:^:9^r%^i^^^^ to carbon 

. : -no :v;^^^ ' r: .43i ?*^4;^i9P > c 'J^^P : J characteristics of the d 

-re :9,^iJ^%?-s •:?l^?.?j::!^®*^3.1s.5pr--, -^^ with the 

unsaturated hydrocarbons (olefins) in a ^nqncla-ssic manner. 
'59i : '^hif V.^yp^:. . 9^h ^9?5ii^9r: ■ ?b.?Qadly ref erred to r^s tt- 
: :/^^*°P-'-^r^?i^^9P' ^frl^^^ fMWJ^:':a^^^^^^VJ^J^^t t^^ gaseous 

-;r;-:hyd:^pcarbpn./s^ ap^ pujrif^catio'p^^ U3.;ing cumbersome 

;^ • /V^iqxiid solutions ..U • ^ ~, 

•1 c • • 1. cr:V c J: ^-^^ 'H^9^/ r^hat f 05 many . pief ixi:; :separat ions , 
25oc 'l^oi^y.^P't^^ \%-^^i?Pi^^ati;on sorbents . did not provide a 

' f If'^g^ wo^^king ampacity fqrrthe target- olefin^^^ The examples 
n : ^^9^v?^<^y^^^^?:r ^1?^ >so?bent& of.; thg:^^^inventdo2a have superior 
^ ^ select iv^^Lty fPjr 1,3 -butadiene,, adsorption. ^he examples 
i: i;^^9^ .P.®^ Asp^^JitS{)j usable /.with preferred 

3^0 . .PSA and. TSA processes fipr very effective dd^e separation. 
1 - - r A process is ineffectively usable with the 

. I iP'^^v ^P^^ multiplicity of 

--. i J P?^f P^i^c. steady^ sta^^ i|npprtan,t aspect of cyclic 

l^ri! adsorption 2 process ,:^F^ preasu-re.^swing/adsos^ (PSA), 
35 multiple steady states exi^tr for; a: f ixgd set. of operating 
: : i .^-iPP^^^^P^T^^. i .9^?^ a particu^l^ -rrang^ of one or more of these 
operating variables :(i..e., bifurcation variables). The 
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, . ..If i^a-I stablV- sta€e depeficJ^ only on the initial condition 

i^\cCuT (i 1' e iO'^'tiae pidf tuirbatioii"' variabl'^^^ . ^ 

::. :i .r -t: % r.irph^j^^ are -a* vkriety bi- botm^ applicationsxin 

Whirch • cort^ d^onduct-exi' by pressure swings 

i:x-:r^ 1,5; ' i^adsorptibn-^ adsorption (TSA) • 

€ ; ;>ri;. cbmnibniy '-used'-^-'pf bCess^s aire ' volume swing 

r: " . ' - '-adsdirpt ibii- - and^cbncentra^^ swing 'kdsorptioti : The most 

. rc:n>? eoirononl^- -de'JSori&^^ systems. 

• ^ " ^^^-^ o' ±^^'^PSPi:''pT<^^^ a 

::-^>\%Q<: more^^'re^dily^''''adi6^^ ^bmponent an<3 a less readily 

' i- X adBotbaBle-^^eompbfiefit ^16 ain adsorbent bed 

capable of '^^lectfiVely-^^^ -Ttiore "readily adsorbed 

: ' ; r.- c " • cdmpbii^t aih5 -t^per^'^-adsb^iptio pressure • The fviess 

: : -^t^ readily adso'rb'able the bed* and is 

e=^T: IS^:-^ -^^r-eVix^ of^th^lied. ''Then, ^he^bed 

'^y^vi^r' oJ^jg: ""t^epi^eisi^u ^ ^iower d^ pressure ^ ;for 

. /' V • •> u d^sbarptioh- 6f-^ thePmore -rekdiiy- ad'soi-babie ^ cbtnponentvv and" 
"i ; r J. . ^:ifcs removal - f r^om -t heT bed-? -I'hereaiiier i the ■cyclic operat ion 

^r'.n.r..: ^-rC S'Ume'S ^ ' — * ^ ' 

-:^0 ■ ' •fy-e-:^rL-3'-: : In^ti^mperafeure^^ swing adsorptaon prbcessihgr- the 
/or-j^ :; ' '^'^- ^idso±hGn€^^^ tffcF "the' ?^ed rnxxtuire^-^^ period of 

:a vr.:tr i/r'if / t-iriie^-' durdiig- wh-icKI tKe*^ mbre^re^diiy -adsbrb'ed - c is 
adsorbed. Thereafter ^ the flow oF' the- feeS-ds-^ off from 

: ":-: ^^> - : :the- adsorbent bfed and- the-'^'^ad^orb'ent is exposed to a purge 
ao j^S" V -fli^uid/ typicaily^'a gas-V'-whiSn component 
v; --.Ly^ ''^ ^' 'from' the bed^and ifegeheraSes -€fie' Bed *^ for further use. In 
iTS'?^^: i^h^ adsot^ d£iveri^''6f f *"f rbm the bed by 

. - 1^ = keatihg- --/^fihe ^ ^ adsorbent-^' -in' "tife regeneration • state . 
- t'^ Therefore, the ^fe'emp^37'at%re- of ^^-d^ than the 

:: .1 iS^o : temperature -* bf the -a<feorpt'afbtf • portion' of the cycle . 
j M Detail^' ''of*- PSA -and TSA- adsorption will not be repeated 

: ' ^■^-he^e^, a^-they ttiay be 'found in the following United States 
: ^* "Paecsntsv -eacht (Of v/hiah is incbrpbrated by redEeirence herein-, 
: -^'I'^i^-' -it 'Vs • J: »^Snt;-f r^'^t^'* :^ - S >'268 ,Xi23 r - ^5 ?5'5r;2S7 r " 5,554,208; 

Xr:3Sv- ■ '5,:672,l-9i^o7:' 5^67-2vll9C:;•-^^:^^ ".:cx.: :i;-: 

- • " - V : . ' '^idn^fexch'ahge zeolite* is easi'ly-'abcbmplish 
I ' mixing he -"^ zeolite in an aquebus "''solution of the metal 
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- -•■ salt. :• The. tnetatiof .the salt i5 t.h^: metal to be exchanged 
- ■ into' the- cal^ionrc. :sitee.3 Thei.QoriGentratio^ solution 

ds^var^iedia-cea±idingritQ?-.the desired level . of, ion exchange. 
The ~idii exchanged izeolrte- i'S xrtiheiJ .:r^^ filtration 
. -gCi'- firbm the iaic^eouff. saluti6nnand.-:v.af heds/f ree -of. the soluble 
/ salts P - -'Thi's-nbaCiSh' ion* exchangsn i-s^i^i^iel-Y. used due to its 
.-i-^-'^in^m-aSisy iEasent.iall<y/.i:.c0BRp|..fete . ion-.^ exchange can be 
' scHieVed- by :'t?et>eat±ng:*hfe;:same .Ea:o5:edu2^^^ times. By 

'-^ch .'i:^J)ektea--trsai6inent!»d oysjr^.AQ* -^qf -^b^- . -exchangeable 
id -^^ cationic sites ^*re.■.do^^exchaIIged. with- Ag*- . - Preferably, 
^ "--over 9S% of su'<ih. .-.sltaes care ion-: exchanged:. .^^^^ same high 
" ^ " -leveT - o^' estchaage " :iis , ^obtainable b with . ;;the copper ion 
•■■ exchange, f." The Ag^csEebOiites of'othe . in^yent^on -were prepared 
-^^y loh:'exk2liarig?feg;\»^^ of -^NO, containing five 

1-5" "'tifa^- t«e. <»tiorii'b: ekchange-icapacifcy qM- ..t:he zeolites-. This 
■ ^ - - yi^s'^^d&tie tot assure icoraplete ■ionvexchaiige. j^The Cu- zeolites 
ov.'., Qf.:::th*-ihvfetiti:6A^v?ere -prepared byi ion .ex<:hanging with a 
' • solution"of -^C^Cla or Cu'CNO^i, foiiL©wed: by reduction of Cu*' 

■2a-^ - ■ ;v Trie ■f©llowin&r'"-examplesishQ\? new , ^ the 

9;. i 'lic^^i^^rigfHf --B^paratioiuo^ .-Eeo^^ .trace, amounts .of dienes 
(50 PPM) from a norraaL ^alphas olef A jir-tN^Q,), i stream. The 
- • sorb'eiit operability for 

" - a-pi^essute ^swi^hgL -adsorption :(-PSA)c or, -temperature swing 
-2'5'-'" '• .adsOr^t'idn^^tSA^-mt3de\ 3:- 'f-.r :-. • J: ; 

• '. ,; r ^.r T.. aq;.^^'; scwrbents of r^th'e examples were-, pre -selected 

.=:;.-i2I ;..'-6^8eW • '.6n- '-tTi^i^t^sf^ -of -interaction^ t-d-Kijogstic and weak 
- ^ ?:mftiical eom^iexatiOM. Th^ f irati: >ype - o..f interaction 
■ d^rlv^s'- f fem ■ fehe .molecular i .sieving f effj^cts of certain 
-30 iub^trates- stxdh as rzeoUtes: :orv.tarbon jnolecular sieves 

- (CMS)-: However, zeolites were mainly >cons,idered for this 
'•• appTi-dalt^ibn - due. : to" : 3t2lie±'55 high;.' Henry <^ Law region 

• adsoj^pto^c^:---" roi*: this approach:;: : the -smaU .-differences .in 
; .- - .V. i -eh^'iaixetir-c -diaftiefeers' ©•©'•jrobao-olef inJaJre.-. eagploited. This 
■■"i?- - -Is. 'kibcoii^ii'^^d? by fexehang±ng.^cations. Jjf- .vai^i'ous sizes into 
' the 'pd-jfe- aperture -^ of -' type A" zeplitei.-. - • 
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- . : { - -i' i>ue^ tio the- olrefx'nic ^-nature of the components 

r>' ' '' - ^ "'involved' in tiie -examplea>" J^eakachemical, and ycomplexation- 
^i'-' based -^sornbent^'-^^that :have: :de of 
...li;/. 1 * adsbrBiii^:^olefin over-^:^ suited 
:.h-" ' 5 for. aiene- sepaixation^if romlmona-Qlef i:n.£_ In the separation 
a:*:;- ' b^-*-dieif€i^^ in 
. -^'^v' ^Hcharacte^ Dienes: are^ Jmovm^ toi^hav of 
- - * • ' :: t^ife'^ouBl^^ with single 
j.n; rro^ ru. -:]^ohds are ^saidv.^ta'* be5.con7Aigated;*:: dQ bo^ds that are 
""iO separat^^d^by--more' ,-:>tha^^^^^^ bpnd are^. said- to be 
-iTsolatea'^ -' t Glass .^of: .dienes contain 
'^'^^'■ •'^ clinmla^lfe'd^ doubiet.lbonds^, ^ adjacent one 
" ' " and€her^'alid ^"^Idiown asDval^l^enes^ One _ofr.^the.,-mpst [common 
- ' ^{*- " ; ; di'ene"s''i-s 1 , 3 ^buta^diene Jit arfepil-i^^ point is -4 . 4'£C and 
: - ■ ' . is"^ :/" ^ ^veiry "close^ tO'::^^^hnt^&ae^d^^r^^ these two 
V r. i r :: ~ , ^ ^^^poui^^^ is. :' v^ery ■ndfcfgiculfe-Ldueji to. their... close boiling 
^' ■^--'^ '^^ :'^ -^} •:v>poirntls - Thie Jmaj^r^T dif f ereniee-.,b^^ is the 
' - ' ' , ^ ' cbn^ s natures q£ ..lv;3:7butad.ieM Since 1,3 
. . j'o , ..butadiene is present in such , low concentrati.qns, the bond 
"---^j^r^^^O-'-I^:: ''-beuW^en- .the^:^so must be -very istrong 
i:: ;::r::£„jr.c^^ at such 

' "S•low^pa;rtdai^'P x jr.:j ^- -r'': " '- • 

- r ' ^ V iv. -Tt ^In *^he <exampie^:>:::i:towas:shq5^ that the properties 
' ' • ©f V* ^he\-. sorbeht can .7 be^irtatlored by - selecting specific 
25 cations and substrates. VJhen- dealing ,wit^^ separations, 

- - • : h^gh - ainbunCs^ adsorbed - ate clpv^- pressures are usually not 
* desired and: iar«. usuallyc ayoid^d- ^becaus^. ^ th,ey limit the 

r/ ; working' capacity./.&f tlae ajdsprbent. . How,ev:^r, for this 
=pai?tdcul§r. *appiicatioi^,.':va high Henry ' s^ j^^^ constant is 
. ; : -requii-ed; ' .Theref ore,:... ^eolite-b^ged tsorbents are -a good 

- ' ' cindidate for siibstrateg It -As^ sho,wn that Ag* exchange Y 
zsblitAi-' has : • hight -^f f ijiity^^f or olefins. . ,at very low 

' • :gressU3res;i'. TherefQre?. the examples rfocus. on using zeolitic 
^'materials, »^ Y, ^^ion exchange with Cu* or 

-3-5^ 'Ag*' ca'^tions to carry :.QUt-> ^the_^ separ at 3 -butadiene 
from 1-butene.. : It should:. be noted that ^the separation of 
the conjugated butadeine from butene is merely exemplary. 
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. The processes described below are , also applicable to 
separate other dienes such, as hexadiene and octadiene from 
mixtures containing hexene ,.and octene . The temperatures 
and pressure ^gd/veri below ^re a^lso. exemplary. 
5 Depending on the chgsen conditions ^ the 

^ separation is accompli gas phase, the liquid 

phase or some combination .thereof , including for example, 

0~ ^* ' ' -^T' *::;/<'::{:;CiT.c J i^jc^;: -rsv* r?;:'^^ 'v^'r;^^ . 

saturated gas. I It should be noted that the butadiene and 
butane of the^ . , examples share common. chemical 
10 characteristics with other diene/mono-olef in combinations 
described earlier- TJierefore, the effectiveness of the 
invention in separating all such stated combinations is 
apparent . 

The sorbents described in the examples below 
15 contained various . qat ions included in high surf ace . area 
substrates. The dispersiprv of cations was accomplished 
using, ion exchange. The chem^ of ion excha^ige in 

zeolites is .well ^ documented. See USPN_ 2,882,243, 
2 , 882 , 244 and^ 5^, 268 , 023 each .. of which is . .incorporated 
20 herein in_ its. entirety .^^ performed 
sim^larl^. ^ They .involve^ and washing of 

the zeolite with deionized 'water. Compared to the original 
^ cation exchange capacity (CEC) , each solution contained 10- 
,p fold ^. cat ion ,equiva^ ^ This procedure ensured 100% 

25.^ exchange,. . For A (Linde) ,.^^LSX (low silica X, UOP) , and Y 

. {Strem Chemicals) zeolites,,, the starting forms contain Na*. 

n 1' .1, o ^1 5 c. -i. '.Ji* rx^n t : .r- r c. ,/ ^: ' oi^ _^ 

The zeolites used were powder form (binderless) . PrAor to 
use. the ^samples .wer^^ calcined in vacuo at :350°C. 

^ In the examples below, ^ the hydrocarbons used as 
30 the adsorbates. were 1, 3 butadiene (CP grade, Matheson) , 1- 
butene (CP grade)„ and helium . (pre -purified grade, Metro 
T. , Welding,. 9? ., 995 %) . was used, as the^ carrier gas and as the 
re.g;,e^eration:. g^s..^ The,, gasses , were used without further 
- . pjarif icati,on,. IsothezTns^^.and ^uptake, rates were measured 
3.5.. . ujiilijzing. both , a Shimadzu . , TGA-.5Q microbalance system 

^ fpl.lowing . well^ known procedures. , For low pressure data 

_ (<0.05 , atm) , ..a.. Micrometrics ASAP. . 2ai0 . pore size 
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" distribution analyzer waVutillzedV Ttiis system is capable 

of' accurately measuring pressures' iri 'arrange between 1 x 

r:.'. --.IV . •* cr^B ^ t.'z:.'-.y..\^r:c i r.: , 

,10"^ - 1.25 atra. While one* can obtain data at very low 

pressures with the Micromeritics . ASAP , 2010,. this is very 

S . * time consuming . ^ The sHimadzu TC^-50 thermogravimetric 

analyzer is used to screen potential SQrbents. Also, 

' " measurements were' made at" t^ "temperatures (is **C, 70 '^C) in 

order tQ^obtaih isp "The overall 

diffusion , time constants , D/R? were calculated from the 

10' uptake^ curves, measured f rom * a ste^ increment 

' ^'from b '. 'to 0 . 6 abm by w known methods and assumptions. .. 



for 1,3 -Butadiene Selectivity 
15 / " * " The xramewdrk structure ' of" LSX ' "and Y-'type 
zeolites resembled'* tiiat ' o£ . the " naturally occurring 



"f aujasite '(see Pigxire 1) 7' The' pores of ^ th'ese izeolitesj are 
^ made off 12 -member oxygen rings Vj They Kave' an aperture 

oTE ' about %\ i""; the ratios of Si/Al. 
2'0 ' "This ratio "Heterm cations per unit cell 

and**theref ore" Tias a^ signif icaht eflTedt 'bii' the'' adsorption 
properties."' Y-type zediit'es ' contain" be^^^ and 76 

.'catiori' "sites, respectively/ is" ^'becaiiise of the 

^ properties mentioned' ' above tfeat 't]&ese zeolites were 
25' selected ' as ' 'sxibst'rates r The* large " size aperture 
' facilitates ;the" diffusion of large molecules such as 1, 3- 
butadiene* and 1-butene/ Also", the large number of cation 
sites kvailable" 'for exchange' WrtH Cu^* or Ag^* 'helps 
increase the adsorption capacityl^ - ' ' 
3D ' *' ' ' ' 'Tiie' pure -component equilibrixim'-isbtherms of 1,3- 

'" 'C^Hg "and i-C4HB''on"' NaY and NaLsk"" at 70 are 

sSiown in" Figure 2.' '''The' ^artikl presstir'^'s 'rarlged from .06 

" ' to 1* atm'.* While these pressures ikre outisid'e "tlie raii^e of 
interest " "for r, 3 -C4H6, ' 'they '^^are useful * * for screening 
35 ' potential Viibst rat ^s and for determinifig capacities for 1- 
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' . . C4H3. • The-n^equiribriiimc data was JfitGed-^vrith the Langmuir 
a i '. ;iso.therm .;model7;i> The5;equilibrium amounts df - r->^3-C4H6 and 1- 

r ; ^ ^ ' C4Ha adsorbedr?at330°C-atql-c-atm on: 2.80 and 

. xc . D' 2 .:6 a; Tnmc5l/g" ^fespectively.. Thiff equals^ about G 6 molecules 
S of l/a-QHs and 3]4,rmolebulesi:of - l-G^Hg per xinit cell'-'of NaY- 
•iv-. . ' ' '.type^ zeolite* LtUpt^ke '<Jurv^ on NaY- 

r type :zeoldtesr-iarer showte in* Pirgtir^^^ 3 -They w^re obtained by 

^ ' . „.:perfoxming:. a :step7 change: :in. pr^ssute^^^^^ atm. Both 

- cbmponentsfs diffused^ very :-^>f ast: ^Compiet^-^ uptake was 

r 1:0: -5-^ ; • achieved wii^hin. 50?^secondB-'^f^ Thi's was du^ to the very large 
pore, j apertuxe".;.si'zeliof.:^I the-J:NaY v iei:rlite^,- -^^ 7.4 A. 

.1 ..piffusionxtime. constants:^ B/iRV, ws^re ■cal'cu'late'd by fitting 
: J ^..T experimentaij-rTdata '.withtcths. ^splutibn^■ - of ' :the diffusion 

" z:-:^:ij .eiguationv f or 'sphericalr^partic^^ as de'3Ci:lbfed-by Karger and 
15 Ruthveh=:i ih jL3.9:2jc i a5he^.valyes-:•of D/R?^^ 
i-'\::.^a^ vcand: l^C^H^^c at:.-i70«r:^.':were-' 7q and 5.76 x 10^ 1/s, 

1: :f.:r:'c.i respectively; :;"-^rhej ratio? :^f'' -:thi^: dii^f^siviti^s is rather 

- : . a, v; :: small: 30.^:±.brirkineticT separation -^^^ However, 

. v:: one:: favorable -characteristic "j-^df -Y-t^^pe zfeblite is its 
c: 20 . relative lyr high :Henry^:S:^'Lav?'^-^G:on^^ that 
. r ::,.: :the::nY^-type ^zeoiLites hia^^^^ and are 

r : alsOc; good caAdi-dat^s"f 6r €5 <^e-^and C8~ s ; .il :i- ' 

Example 2 . . 

iSelectivity of Ion- Exchanged Y~Zeol±tu:^fbm'y3 -Butadiene 
25 As per Eic^mpi^^ i , Y-type^^zeolatee very 

•v:i r o : ■ "high ?af f initya f 6r::€4 i s' at - low -pares^ures . Therefore , this 
i r *; O' matierial is:' a* good" Substrate f or ■T-'bUt&^ne jpiirxf ication, and 
Tr :' alsd-,-f dr.Hhex^neo arid 6Gteii^^-purif iSatUoh. y In order to 

::,: br;:.-^ increase- the af f inity tff -^fehe lJTaY^"^kolite f or 1, 3 butadiene, 

. :::. : 3:0 : the Na^i?" cation was-:f ully -elXchanged^ by^ which is capable 

r :-.:'A- : jv: *. :^bf 7r-^complexation Wi^h- : : olef ini'c compounds . The pure 
r - . - component equilibrium: isotherms^ for i/^-G^H^' and I-C4H9 AgY 
: ■: --iv V:-' "rzeolite ■ at e 7.0:re " and \ 25'^^^ St^e shc>W3l in- Figure 4 . The 
z^ri^d-cB p^irtiat-pressur^ in thts-M from 1 x 10"^ atm 

- :.r;3:5. ; '^v.t'o r.%r atm. * i The: lower:, e'nd of the? sc4le corresponds to a 
concentration equal to 10 PPM. The equilibrium amounts of 
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• ;j V. .:l,'3h.e4H^ f^ndiJl-G4H8 ^t:3i70.^.G.tahdIiira^m?r were measured at 2.8 
, :arxd:-^.. 3 TnHnpl/^y-rijjrjie^ are-^very-'^intetresting because 

t rat j>bigi>^ loadings it/^appear^s'^tfiatz.exGhanging.Ua with Ag had 
. - • lessQos^: e£fe..et on.: the amaunts;. of • -ID^ 
.'-S^Z-rr " - wA e?r, Lpw- press:\X3:fe- -iv-^i-C^H^ and I-C4H3 . adsorption data 
H^., on.'AgY. type: z^solite.at-.i.TO^^e^ izsf also^'showit^in 4. In 

: :o tbis Figure.,^ iA;^ican^ be' observed^that amount of 
, -rj;' v'- 1; 3'C4H6r.TS.d@Prbed7:at:i5a^?'PPM' wa-st-roabbiit- rO , S ;mmpl/g. This 
:l-;2.;;r amouftt .Tcis somewhat v- small': r^-rrTherj amount: of ; 1, 3-C4H6 is 
l^e . ~-*ri'mpgrov.ed^ by ^ difecreasing J^theL.c adsorption ^ temperature or 
* ;:..r.:increa-s:ing^:preissurer.i:/ Equilibrium adsorption, isotherms for 
'1 .type zeolite : are^if.shown /in i:Eigure 4 also, 

: -j Aljthough- l>.3rAH6 adsorption did^ not;-imprdTOc;.:in the region 
v^f-^.^,K^ .^^.of^Ampprfeancev ;:lQ:'l:^t£>i.:5i Xi:lX)^^ r (10^^50 vPPM^ , there, was 

1J5: : :?;rci:5:ah 'in.cr.e^s^ ' in "ada^Q-rpi^iom.at hi^h'eJc* loadings . r . 
^(^x,d,.: : V J as..^Tiie .l:ac}c5of l-;:3:-^C4H6^ aas6rb^d.;in ;the-iow pressure 
:i regime cwifth it h^:;.dec3reaae tefhperature :could iie attributed 
c3I- - e<^^ It.- is , p6ss±ble Cor . thei=Micormer;it ics 

: ASM* 2 0:1 Ch - to TQUt '..Off J: adsoarption. .before* uptake completion 
;2..0tr»;^f^>Vf or^ra-parti;^^^^ point, vif the. system .is too^; slow 

i-.-o; i..:'V/dif£xisiiig:..>: ./ errjor^rwas ^cprr.ected and a new 

J 1 - ^.equilibrium;: . tgptbe^ili if Qr c:,.^:t'3AC^Ri r on e AgYr^:!^ zeolite was 
. included as per an example which follows below. i'-:' 

25 4\ . j rCc^if^'Jnna - t-^o r-A £ . 

J - S.^^ T . v,^ a In-order- to.- confirm .thevTr-cotnplexation activity 
._pf [ -tthe^; sorb^ -it was tested: -rwith. CiH^r^iiat:. 70^C.r The 
. equilibrium isotherm C2H4: onrNaY and 'AgY r type zeolites 

,at^ 70?iC are cshpwn^/in.Fii^ : In thisi figure, the effect 

SO i ^pf jff-c(!>mplexatipn can-be. qie^ observed- at low pressures. 
: / - HowiBver^; at higher: :.pr:^ssures.v this , ef fect i is somewhat 
diminished. -- -Th^^^ :be .attributed to a 

.V filling: of .:,th% pore cavity : of- Yrtype zeolite. r=>However, for 
/; : t thi? part-icular = applricat^ sorbent at 

35 - high .ipa^dings , is not- important It . is - the ^low pre:ssure 
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behavior of the- sorbent which is- critical for this 
particular purification- type application. 

" ' 'r Examvle 4 .-^ . .a 

jiL : /' A-Tj^e Zeolite Selectat^-i ty for 1, 3 -Butadiene , 
. rl 5r p .The structural unit of Type A zeolite is the 
- sodalite cage . . The unit: cell of Type A zeolite contains 12 
" Al04.and 12 S1O4 (see Figure 1). There are twelve negative 

ciiargesl to' te"^ balance by cations in each cell unit. The 
free diameter m the central cavity iq 11. 4 A . (Yang, 1987) . 

' J ; .10 Access to the pores is restricted by 8-membered oxyaen 

-^s-c\: ---^v-- K^^ GcOJ .1::;^ >/-.-;• ,v,.:, 

, rings witn a free aperture of .4 .3 A in the: unobstructed Ca^* 

" ' (5A')' fbrfti. "Tnis can' be reduced to 3 .8 A by exchanging with 

' . r = Na* . ^nd to U3 .O . A„ by -exchanging .with . Xt, is this wide 

\0.1 : s> ]^t:3S^.' '^^j^g JDTcW ^t.^^"" /: T ,'^j,r-I -^r^ '.■ • - \'. . - 

. variation of pore sizes ap.d smaller cavity size that makes 
^r.^ z :u^j.c::;f:l./'J . \'' t-. z^oec^iB'i "0.: x ^-^ . ^ ^z*"!;^ 

15 type A zeolites" desirable for butadiene separation. 
■- v'- rn" ii c :ic f: ^ :"B-^.i3;iTJ c^JL^^ :~:r:..^v-, a ~ r^':c::5 

tioi ; ' " " ' : Commercially, available {5A) Zeolite, from Linde 

1 \. v. was'i tested ; ' Low jpressur^ ,equili^^^ 3., 3-C4H6 

'and I-C4H9' 6h'5A kt 25°C are shovm in, Figur e ..6 Equilibrium 

' V. amounts of 1,3-C.H6 and,l-C4.H8^t 1 atm were. measured at 3 . 8 

20 " and 3 :3. mmol/g, respectively. The low. pressure adsorption 

SI" : hz ^ernir/soii ::r- ::-s.i:Br:-^. y r.z\. ^./vi; 

of this material was excellent. At ^ concentration of 50 

PPM, this material adsorbed 0.8 mmol/g of .1/3 C4H6. The 

working capacity of this sorbjsnt between 50 -and 10 PPM is 

also^ excellent "^^is was mea^ured^ at ajjproximately 0 . 7 

* 2'5 u mmol/g. *' ^ 



'::zii' 'zzz: zb Si-^- . rirj '^i I " ::: j^f:.-'v 

Examx>le 5 ^ .Ji 

.zzz^^Ti''- 'd-' -'t: z \z ;z:' n:i z^ - 'Jxm ; ~z . v:.:.' 

5A Zeolite and 5A Ion-Exchanged Zeolite Selectivity. 

^This exampie_biuilds on. the . success.:'^'of 5 A type 

zeolite in adsorbing at . very low . loadings , Here, 

'30 the focus was to reduce IrCAHo adsorption. As mentioned 

- ' earlier, one of the strategies to ^synthesize. a sorbent for 

bs:i.j'^izz^:n fiZi^'-v: in..::: I r>i^^. ' ' > ^- - - •- . ^ 

this application was to use kiriietic or ster;i<? effects to 

separate 1,3-C4H6 (butadiene), from l-C^Ha (butene) . 
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Therefore, it" is possible to limit l-C4Ha adsorption by 
hindering . its uptake or completely excluding it from the 
pore structure." This was accomplished by exchanging Ca* 
cations in the pores of Type A zeolite witK several cations 
of various sizes. The pure cbmporient'eauilibri^^ isotherm 
for a , 3 - C4HS arid 1 - C4H8 ; on Sr exchancred 5 A * at 2 5 ° C are shown 
''in ,F£gur^^7 . ~ The'^^pressure in^^^ ranged from 1 

X 10'^ to 1 atm. Equilibrium adsorption amoiint for 1,3-C^H« 
on Sr exchanged 5A at ^25<>C and. l^tm was measured at 3.1 
n™9i/g- Although this sorbent showed excellent capacity at- 
high loadings (** 1 atm) , it did not adsorb significant 
amounts bf 1,3- C.Hg in the 10-50 PPM regime . Uptake curves 

for . 1 , 3 -C4H6 ' and I-C4H8 on Sr -exchanged 5 A and 5Ar were 

i -7-:: v> .4- B . r ■■ .; .1 = ::; .B-:^^-. - " 

- : _ measured^^at 70 9C and are showni^in-F^^ The values of 

"* : i'5 V*: !:i)/R^-f or . I ^3 -CiHg" and Y-lz^Hg' brl "caA were calculated at ^ 1 . 07 

X 1 or: and 7.30 x 10"^ l/s, respectively. Dif fusion time 

■ V- constants" were ^als'o measured on Sr exchanged 5A andr were 

calculated at 8.55 x" 10'^ 'and 4 . 06 x 10"^ l/s, respectively. 

' Due to the : larger ^^^^ of Sr^*^o\rer .,Ca^* . 12 vs / ' 0 . 99 

''^:^'/^^^^^^ ' ^ ' sfftair^reductl^^^ l-C^Ha/^upta^^ ^ s observed. 

I'-" "/^ " :V^^ feduction^irt i-C^^ uptake is not significant 

enough for a kinetic separation scheme. If the ion 

exchange is performed with the next larger cation, Ba^*, 

with a radius of 1 .34 A, the uptakes of both adsorbents are 

25"^ severely hindered". ' The^ whether 

* liindfance of i-C4fi9 .access to thieT pbre st^^ of „A type 

zeolites using simple ioii exchange techniques is possible 

without also . blocking 1,3-C4H6. The small difference in 

kinetic diameter between the two molecules is'^p^^ 

3 0; - - ■ Desorptidn" experiments were ^carried out on 1,3- 

' ' ' C4H6 on 'SA 'zieolite at '70''*»C. '""Howeve^^^ were 

" ' ' performed in" the ' Shimadzu TG-5'O TGA,' Therefore, they do 

not include data bislow 0.06 atm. Equilibrium amounts of 

" 3-C4H6"''bii SX 'Zeolite^ at* 70oc and l' ^tm were at 

35' 2V8I' nmbl/g\ ' 'After desorp'tionr* the' sample was 

exposed to' 'a helium'' stream 'it 76°C to regenerate it. 

However, this procedure only removed 1.23 mmol/g which left 



Svb 00/24695 



FCT/0^99/23042 



24 



1.58 mmol/g of 1,3-C4H6. This final amount -was removed by 
heating the sample to ISCC in the presence of helium. A 
desorption curve is shown in Figure 8. As per the above 
examples, success has been, achieved . with 5A zeolite for 
1,3 -butadiene separation. It is not" clear i.yet the reason 
for the success of o SAv^an^p th.es- .;l.eisser. 'performance of Sr 
®??9h^g,ed 5A,,g?hish3is.r^i5[z2^v-similar:^ The pore 

sj-ze- of ...thisjzeplit^e idetemidaies .its- effectiveness for C6 
and. C8 separafeion-v;\,':.r;,ir>-.- lirtv; -j,^^ -.j .'-■i'! 



20 



-;■ . V •.;.o.v .^aT-'cn^i ,. L-.l e-y-^z'^ • ■: - ^oi-; ■\. 

-'^'^^^f^'^^^^^^ TT'^Complex&tion Effects 

, <-r o i'. ;., .c t ,:, '.-0 . :.. ?^ePrey;ip,us?exai)t^€s.>>thereiis, fshown 1 , 3 -butadiene 
:^:^^4^?6-)v-Adsorp.tion; Qn • ^ . various . temperatures . 

.!Q. ;-^ . . -i These .. examples did jipt include .data to dixectly compare the 
effects cPf 7r-complexat'ioh\on--e4Hs • adsorption:; :r This example 
includes ia odirect fC.oreparisonsby^ measuring i C^Hg adsorption 
■°P- t^ie •sqd-iujfn-r.ex.Qh^^ :(Nay)c;-. it is known 

. that .^the ?.Qd4ym,^:gat,io.n:;iis;:- jiQt. capable 3 of ; .■■jr^'complexating 
, with ,plef ins . - . ».A.;,qompaj^is©!A.j inVolviiig AgA . and CaA ( 5A) was 
not used because of the dominance of kinetic . effects in the. 
AgA system. The pore size of AgA lies in the range between 
3A and 4A type zeolites. 

Equilibrium adsorption isotherms for C^Hg on AgY 
. and NaY at 120 "C are shown in Figure 9. The effect on tt- 
25 complexation is observed in, the equilibrium amounts of C^Hg 
adsortjed on AgY and NaY_ at 1 atm which were measured at 3.3 
and 2. 6. mmol/g, respectively. However, the adsorption of 
C^Hg at 50 PPM of saturation pressure of 1-Butene (C4H8) at 
120«'C (1.1 x 101"^ atm) is a more significant parameter. 
30 . Using this parameter, the effects of 7r-complexation are 
more significant. The adsorption amoxints of C^Hg at 50 PPM 
on AgY and NaY were measured at 2.7 and 0.3 mmol/g, 
respectively. The working capacity of the sorbents in the 
range of SO to 10 PPM (1.1 x 10'^ - 2.2 x lO'* atm) was 
35 calculated at 2.35 and 0.2 mmol/g, respectively. When the 
working capacities of the sorbents are calculated, the 
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superior performance of 7r-complexation sorbents becomes 

. • ' t;. . /. ^ ^ j ' '^>ij: j* • ■ ■ L. * 1 > * .i,:' 1 --T-ft : i 3 ' > ' • c'- ' < ? t:^ o w -ii \ < , h ■ . ; - 

':A_o':r r:;i5 -fJ.7,'ri-.,::>!.r^' rln.s^th^- ^eaiiki-er '^^e^^A^ *tf-he--'- isbfcherms of 1- 

j.oi r . : butene ■ anci^'butadi^erre^ ^on -35A^^^eblife^'- ai,^' 2^^C were shown. 

Added isotherms were measured^^afe'^TO^G. '-The "isotherms are 
shown in Figure 10 . The amounts adsorbed are lower at 
70® C, More significantly, the heel, of -'th^' isotherm for 
i:.:--.. \10t.;/: - but^diefieji is^Avshif tMd*^-- toward^ ' higher partial pressure - 
:-A -r-i/ ^j-vc/ : ,For^uTiat.ely7i'hcw^v is quite^f^high at 

'i-^yv : £ rr: ;::r:Ta butadierie^^ parti^ ofi- S^'iplpm-'-of (i >e . , the 

.'-rlo i^^a c:; saturation %rdsstjreJ-^^£- :bul:^ne- a't— ^G^*>^, - -^^^ amount is 
r/. ^h-iV approximately .1^ .to ppm of 10 

2 - ::-:4,5.: 5; ;atm tis -nearly^ r^zero^ji-c 1^^^ :^5A 'zeolite- is'^ ah attractive 
::^::r<, ^ I 3I sotbent -fr>r: tiiisi s^J^ (at a 

:j r,::^ totai.^ pressure tf£>:i0^ atTfv)^'^ - 'The'^-p'Siar riattire - of • the i.surf ace 
bjjw } .-:-r.::o:u;.:i:he:: seorlitfe- ^Lsi t*i'oiig&: t'cPcontribtite^ feb ^tlie separation. 
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A. 

Table I. 

LSX, Y apd A. zeolite nominal phemical formulas 

■ rrc c :3' : -irr^-.* r-zj'nF n'^c.;.-. ^ h sjf*!./ . :* '.ri'^." .' 

AgliSX , "Ag^g t CAiq^^^ 



---- - . ' ^ , ^'■Agi4[-(Alo,2)54^(^^ 
^CaA • ; - - ^ "' ca' t' (A^^ 



GuY " 



,. ^Mixed Metal; A . ,,^.-M*^,^*^yA*%^r^ 12], 



10 Note: In X-type zeolite's, the AlO^/SiO,. ratio, is greater 
. than . 54/138 ; and the total valence p.f the cations is equal 

, r?!- ' : to the number of AIQ2, units. . . 



ft WQ norm- ^wn nn9^Qis&i i 
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The invention provides substantial advantages 
over conventional methods for separating diene from a 
mixture. The adsorbents and methods of .the invention are 
useful for purifying mono-olefin from a . mixture which 
^- includes' mbrio^^^ diene. The adsorbents and methods 

; < . <ban be ^used to purify either the diene^or to purify the 
mbho-olef Irir^ 'The ^Sidsorbents and methods as, exemplified in 
the examples demonstrate particular effectiveness for 
' ^ rembving"'a- cliene f rbm, a mixture comprising the diene and 
10 one or more mono-olef ins . - The examples . show effective 
se5>arati6ff "result's" using gas-phase 'separation at the 
pressures and temperatures stated therein. The adsorbents 
arid prbce'sses ar^" demonstrated- for a saturated ;l-butene 
(olefin) stream,^ which is contaminated with 1, 3 t- butadiene 
15 r --:* (diene) /vf 'typically at one weight - percent or less. The 
sepairatidii inithis'* case -may, include both .gas and liquid 
phase selective adsorption due to the saturated nature of 
the^l-buterle olefin stream T The processes des''cribed herein 
;are^ descril^ed'^ "with . reTe~^^ ' to .separation Jof C4 to C8 
20 diene from a C4* ' to " CS " . morib-'oTef in.' . ^ rThe ^ physical 
characteristics of the adsorbents result in very effective 
separation as demonstrated by the examples . Depending on 
the chosen conditions, the separation is accomplished in 
the gas phase, the liquid phase or some combination 
25 thereof, including, for example, saturated gas. For the 
reasons described above, the adsorbents are also considered 
to be useful for separation of other dienes, that is C4 to 
CIO dienes from C4 to CIO mono-olef ins . Beyond CIO the 
process is also thought to be applicable, for example, C12 
30 diene/C12 mono-olefin separation. However, the selectivity 
and economic benefits are expected to decline for the 
higher hydrocarbon mono-olef in/diene separation. 

The invention provides good results at operating 
temperatures and pressures that are not extreme- Good 
3 5 results are achievable at pressures on the order of sub- 
atmospheric (i.e., 0.01 to 0.1 atm) to moderately high 
(i.e. 20 to 30 atm) and in a pressure swing adsorption 
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method. Good results are achievable ..at ^temperatures from 
. ambient .or; a „d^sire,ci- fe.qci temperature (i.e. 0 to 25**C) and 
^ .up to ,.m<?>4e irately high; • ^-^ , 2,5P°:C) an4 ^ in, a._temperature 
swing adsorption method. With t he, j adsorbents of the 
5 ^ ,_^,.invent iqn , t^mpej^^iu^e-. .swing. ,or ^presi^ure swing adsorption 
- ^ . p^.oceq^e3. , are y^pblje. ^ f Q^Ti f pQtive^ separation between 
^ , diene^,, and.^^TLQnq-qief ii^s .^,,;T^^ the very 

,A. V effect iyer purification ..gf ^..jbutfines,.^^ by ; removing - 1,3- 
butadiene at concentrations above 20 ppm to final 
10 . ' conc^nitration t^i^^ ^ , Therefore, the invention 

provides.. , a very., attarf <;:t;iy^. to the problem of 

sele^ctive,- adsoi^tion .Qfv-t3;;acq.^^^ of diene to separate 

diejn^e, from a .^mixt ur e^ . ; . ^ . 

, ^ 'While^.^this invention- has been described in terms 
15 ^ .of .jpertain ,embq^ is not intended that it 

be,jlimite4 tp^th^'4ii^^ only to the 

, J ..e^ctent set. forth • %vl , t-l\e . f oll^Qwing claims . 

r . - The , lenibqdiments^ pf . t invention in which an 
- ^ .exclusive .property or. pri^ is claimed, are defined in 

20 . the following claims. 
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^* ' X: A' 'pT:dce^s' ' f6^~'§^paiTeiixng a ditene from a 
' ' ' "^mixture^ incluidi'^^ s^id"di'ene; ^4id^pr6oess comprising the 
step ojf: 

' ' "" contadting said aLii^ "adsoirb'ent which 

' preferMt rally' a^ a non- 



adsorbed ''cbmpdheiit^ % '^die'he -rich " adsotliyed' component , 

:h saxd^^adsorbeht c 



'^wKerexh saxd^'^dborb^nt c^ rek'St"6fi^ of (a) and 



(bT 

'" fif)"' an i'^tt^eicchafii^eS- zeoli^^^^ from the 



:.r . .. ' — ' - -gl^ou^i"'^^^ Zeolite"' X, zeolite Y, 

' " ^'^ c ----■'^"^••^•^g^^^^ LSX?'"'^ saxd' - zeoiite having 

exchangeable "' 'Cationic ' sxteB, and a 
, p ::^eu -pitit^^lf t^""^^ o^^^^^ having silver 

' " " c^'txon^^o'r *Cdppe*:r''"c'atxon" 



' (b) ■ ' "typi ^j!^ "^iieioi'iitil^ liavxng -eiccharigeab catxonic 
' ^^"^itWs r a "plurality '"df s'scld ' A'^ zeolite \ sites 
'* '■" iiavi^g^^****S^n'''-^ ^^^^ cation or^ an 



.tw7 .-' 



IV ..e.- , ..jf^. . 'aikaiihe"'ear1:K-"'meta^ cation present . 

2. The process of claim 1 wherein • said mixture 
comprises at least one mono-olefin having as many carbon 
atoms as said diene. 

3. The process of claim 2 wherein said diene is 
selected from the group consisting of butadiene, hexadiene, 
octadiene and mixtures thereof; and said mono-olefin is 
selected from the group ■ consisting of butene, hexene, 
octene and mixtures thereof. 

4 . The process of claim 2 wherein said mono- 
olefin is butene and said diene is butadiene. 

' * .. . - . 

5 . The process of claim 2 wherein said mono- 
olefin is hexene and said diene is hexadiene. 
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6 . The process of claim 2 wherein said mono- 
^ ' olefin *^xs octene and' said diehe is octadiene. 

7. The process of claim 2 wherein said mixture 
comprises said mono-olef in in a gaseous state and saturated 
with said .diene.. 

L -.c.'iS'r^o:^ ''^ri'^ ^^.^Z :v*:r:ir-.^ 

""■ , - . . process of claim 1 wher^ein said type LSX 

zeolite lias' a siiicbh to aluminum (Si/Ai) atomic ratio of 

less than or equal to 1 . 2 . 



9, The process , of claim 8. wherein said ratio is 



one , 



ZrS,:. :S i.P - piTOcess of claim 1 wherein said X and Y 

" ' zeolites respectively tiave a silicon to aluminum ratio of 

. 1:1 and 1000:1. 



/ 11/ " The' process of claim 1 wherein at least half 
. o£* the cationic sites of said ion-exchanged zeolite contain 
" said silver cation. 

o ^'^'xJr: ae^-.-^rtc'd"" d;if>CTC : i:*^:: ^^''' 

12 , The process of claim 1 wherein essentially 

all cationic sites of, said ion-exchanged zeolite contain 

said silyer cation r 

13. The process pf^ claim 1 wherein at least half 
of* the cationic sites of said ion^-exchanged zeolite contain 
said copper cation. 

' 14 . The process of claim 1 wherein essentially 
all cationic sites of said ion- exchanged zeolite contain 
said copper cation. 



copper cation. 



15 . The process of claim 1 wherein said type A 
zeolite has the nominal general , f ormula M*^3^Z*^yA''^b f (AlOj) 12 
(Si02)x2] wherein M*^ is an aikali metal cation, Z*^ is an 
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alkaline earth metal cation, and A*^ is a tri-valent cation, 
0 s X s i2, 0 s y :s 6, and 0 s b < 4 provided that: x + 2y 
+3b is 12, . 

^ " ■*^* -'- The process of claim ^-5 wherein said A*^ is 

a metal cation . and said zeolite comprises said A*^ in an 



atomic amoxmt less than the combined atomic * amount of said 
alkali metal cation and said alkaline earth metal cation. 

17. The process of claim 15 wherein the alkaline 
earth metal cation is calcium (Ca) and at least half of the 
cationic sites contain calcium. 

18 . -A process of separating a diene selected 
V = from the group ..^ .consisting ^ ^of _ butadien^/ ' ^hexadiene , 

octadlene arid "mixtures thereof f rom'j -a jmixture, including 
said diene, said process comprising the steps of::-. 

contacting said mixture with an adsorbent-; which 
preferentially adsorbs and releasably retains said diene at 
*a selected temperature and pressure/- i:her^^ a 
non-adsorbed component and a diene-rich adsorbed component, 
.wherein, said adsorbent comprises at least one of (a) and 

^"^^ (aT ' an ''ion- exchanged fk^ from the 

group consisting ^ of zeibli'te k,^-^ zeolite Y, 
and zeolite LSX, said zeolite having cation 
exchange sites, a plurality .of said sites 
having silver cation' or copper cation 
present ; 

(b) type A zeolite having cation exchange 
" sites, a plurality of said sites having ah 

alkali metal cation or an alkaline earth 
metal cation present; 
cuid then changing at least one of said pressure and 
'temperature to thereby rVlease said diene-rich component 
'* £r6m said adsorbisrit. " ' . - - - 
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; ; : I z . .-t^Ax ./^l^^'P^9F^^-^.'S3 9f claim 18 wherein the selected 
pressur^.^of^ pr^f^je^^ ^ds^rptipn :isj_a /.first pressure, 
P^???H^f ipfc^^lgA^^ois.a less than 

said first .pressure: ..;..j.r. iv h ^ ; ^ - : - t 

• ' cd^^r ,-5*^^® P^PP®%s,\X5[f '<^laimT.t9 ^^^^ said first 

; P^^j?.?^.^^" is 421^ rauage o^^ 1- atmosphere, to about 35 

:..atmospJieres.,., ..--j, eri^^o-^^.y: r.^jLSi' . 

■sx ; L.:^^'.-: •.'?'^^i^E?$^J?s% ofe^^;^ wherein said first 

/ .PF^®?^^^ei?::in-.?. to about 2 

. ..atmpgphe.res,, n^.-Jrc- -c=-J.i- ^.l.c-';r : : ^ -rJ. 

.•.r:.B.^ x£ a V " ^^ . c: The-pg-pce^ wherein said second 

:J::^^^'.-vrP^^ssure abg^t rQ:.'01: ;atmo:sph;e:^^^ to about 5 

; atmospheres, . .. . 

r Lb .:„r:;s:ii: or :23.^ -The. proces^^of £Gla^ said second 

:.R?®??}^?^^:>s>3-^:^5.2^^ about 0,5 

atmospheres. \ 

^ i- -24,. r^^TJfoe;: process selected 
temperature of preferential adsorption is a first 
ih -r ;.?^?.'^P^?^|¥Lrer- aj^d^^ the- tempera.ture . of release is a second 
. V. ^ .;teirrperatu-:^e /greater:-. -than sf4d'„ f-if-st. teinperature . 

. sz.z. . 25,. r v; The^ process::.pf cl§im:„ 24. wherein said first 

:3 • -^f^TnP€X^t:ure : ;is_ dnr af . r^ge of . .^out Of e- i:p^, about 1 5 0 « C . 

.'ai- ^; 26.- The process, Q€;Glaim; 24 wherein said first 
temperature is in- a jrange-of .^put 2,5 ?Qr.tO; about 80 

r:; : f- : . . c.2.7zzJ.The ^prqcesg -pf i^claim r24 wherein said second 
. .1/^ temperature... i^^^^ range q§ abQjjifc - 70«>C.. tp-. about 250°C, 

::r:ej'.:- ■ :: zz^ 28. "The -process of claim.- 24 wherein said second 
\ ! -temperature isj, in a rang^ P.f about -l.OO^'ej to : about 120^C, 
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j; r.\ : '29; -A process- 'for' "aeparat in from 
o - "a^ r^ixture 'Compri'sF^ifi^ l ^B-^btiV^^l^he and' at' '^1^^^ one other 
^ i ^^nSatii-r^afeed" comprising the step 

of contacting said mixturef*^"^with ' krr adsorbent which 

*^ preferentially, adsorbs said 1,3 -butadiene, said adsorbent 

.:£"^ .'^Gdmpr-i'Sjirig:'^ "a eepper' ion -exchanged zeolite 

^ - " sele'^'ted-f roTn fehe '^^dup .febiiSistihg 6f Y zeblite, X zeolite, 
low silica X zeolite (LSX) , and cornbiftat ions' thereof* 

- .3'; r.;i: 't :. r'w j: 30 ■ The? pi?b1Se^^ wherein said zeolite 

Gc^tnfirise's -a -plura^^^ and at 

least half of said sites contain silver batiions . 

j.L -;.^ - . ;;;=rfv; V J 3 1 / fc> -The-profee's s 1^^^ wherein essentially 

valL :Qf^^^'said 'cdtion^^ sit^s- 'contain, silver - cat ions .^. 

32. The process of claim 29 wherein said^zeolite „ 
bj ;7 a GG'mF^3?iises -a^'P exchangeable sites and at 

: -^least^^-hal^f ^of sa-id-^Wites -contain 'coppe'^^'da • 

33 - The process of claim 32 wherein essentially 

-i erL:aM -of "Said ''t:^^^^ copper cations. 

a :.rJ: — 34 . - -A' process for" separatihg^-l/'3 -butadiene from 
- ^ a-- mlxtm'i^^'^ coftipirlsing^- 1 , 3^-but%diene -ahd^at^ T^ast one other 
G4 unsaturated compound, said process comprising the step 
.ofTTc^ntaGtihg-'^skid^ mixture^ ^ wit h> an adsorbent which 

c : pr€i er ent ial ly- ^dsoi-bs ^ 'said' 1'? 3 ^'butadiene , 'said adsorbent 
comprising a type A zeolite having cation exchange sites, 
a.:plu3rali£y of -^said s£tes Having an 'alkali metal cation or 

3 van^ alkaline eaSrth Sietal^ G^^tidh. : : -'^ 

5 . B. s.'i; 35'.' '--The -process "of claim- 34 wherein the nominal 
.1 wygeiaeral'-^ fbrmula^^^ bf said zeoliteP - -i-"^- -M^^ 

(3102)12] wherein M*^ is an alkali metal cation, Z*^ is an 
' . alkaline ^ earth cation, "and -a^^ ik"^ a tri-valent cation, 
wherein the valu'3 of x :is 0"^ to- 12 > the value* of y is 0 to 
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6, axLd the value of b is at minimum zero and at maximum 
less than the sum of x plus y, provided that : x + 2y +3b is 
12. 



36. The process of claim 34 wherein the alkaline 
eatrth cation is ..calcium (Ca) and more than half of the 
' -pat ion ^exchange sites -/'con^i^iji calcium. 
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